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(54) Method and apparatus for recording and reproducing information on and from disk 



(57) Information is recorded on and reproduced 
from a disk ECC-block by ECC-block. Every ECC block 
is composed of plural sectors. A recording command is 
generated which contains information ol a recording 
position on the disk The information of the recording 
position is stored into a nonvolatile memory. Data is 
recorded on the disk in response to the recording com- 
mand. In cases where power supply is turned on after 
interruption of power supply terminates, a specified 
ECC block is detected from the information stored in the 
nonvolatile memory. The specified ECC block is 
adversely affected by the interruption of power supply 
during the recording of data on the disk One of a repro- 

F/G- 



ducing command and a verify command is generated 
for at least one sector of the specified ECC block Data 
is reproduced from the specified ECC block on the disk 
in response to the one of the reproducing command and 
the verify command. A decision is made as to whether 
or not the reproduction of data from the specified ECC 
block succeeds or fails. In cases where it is decided that 
the reproduction of data from the specified ECC block 
fails, data is recorded on a whole of the specified ECC 
block to convert the specified ECC block into a normal 
ECC block. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a method of record- 
ing and reproducing information on and from a disk- 
shaped recording medium such as an optical disk, a 
magnetic disk, or a magneto-optical disk This invention 
also relates to an apparatus for recording and reproduc- 
ing information on and from a disk-shaped recording 
medium such as an optical disk, a magnetic disk, or a 
magneto-optical disk. 

Description of the Related Art 

[0002] Japanese published unexamined patent 
application 6-1 9767 discloses a magnetic disk controller 
with a file restoration function. The magnetic disk con- 
troller in Japanese patent application 6-19767 includes 
an output control means, an output data storage means, 
an output control information storage means, an output 
state storage means, and a file restoration means. The 
output data storage means stores data to be outputted 
to the magnetic disk which is fed from a host device. 
The output data storage means can hold the data even 
when power supply is interrupted. The output control 
means is informed by the host device of a designated 
output position and an output-data length. The output 
control means writes the information of the designated 
output position and the output-data length into the out- 
put control information storage means. The output con- 
trol information storage means can hold the information 
even when power supply is interrupted. The output con- 
trol means writes a signal representative of a state of 
output processing into the output state storage means. 
The output state storage means can hold The signal 
even when power supply is interrupted. 
[0003] The magnetic disk controller in Japanese 
patent application 6-19767 records data on the mag- 
netic disk as follows. The output control means 
accesses a region of the magnetic disk which agrees 
with the designated output position. The output control 
means transfers The data from The output data storage 
means to the magnetic disk, and records the data into a 
file on the accessed region of the magnetic disk. The 
amount of the data recorded into the file corresponds to 
the output-data length. When the data is recorded into 
the file, the output control means writes a signal, which 
represents a state where the data is being outputted, 
into the output state storage means. After the recording 
of the data into the file has been completed, the output 
control means writes a signal, which represents a state 
where the data has been outputted, into the output state 
storage means. In the output state storage means, the 
signal representing the state where the data has been 
outputted replaces the signal representing the state 



where the data is being outputted. If power supply is 
interrupted before the recording of the data into the file 
is completed, the signal representing the state where 
the data is being outputted remains in the output state 

5 storage means. 

[0004] In Japanese patent application 6-19767, 
when the magnetic disk controller is restarted, the file 
restoration means inspects the state represented by the 
signal stored in the output state storage means. If the 

10 state means that the data is being outputted, the file res- 
toration means provides the output control means with a 
data re-recording request. The output control means 
implements a data re-recording process in response to 
the data re-recording request as follows. The output 

15 control means reads out the information of the desig- 
nated output position and the output-data length from 
the output control information storage means. The out- 
put control means accesses the region of the magnetic 
disk which agrees with the designated output position. 

so The output control means transfers the data from the 
output data storage means to the magnetic disk again, 
and re-records the data into the file on the accessed 
region of the magnetic disk. After the re-recording of the 
data into the file has been completed, the output control 

25 means writes a signal, which represents a state where 
the data has been outputted, into the output state stor- 
age means. Accordingly, in the case where power sup- 
ply is interrupted during the recording of data into a file 
on the magnetic disk, data in the file on the magnetic 

30 disk can be restored after the interruption of power sup- 
ply terminates. 

[0005] A typical recording disk has a recording track 
divided into sectors to which different addresses are 
assigned respectively. Every sector corresponds to a 

35 minimum unit of data in recording and reproducing infor- 
mation on and from the recording disk. In general, data 
on a recording disk includes user data and error-correc- 
tion-code (ECC) information. The data on the recording 
disk is divided into blocks (ECC blocks) each having a 

40 set of a user data piece and an ECC information piece. 
During playback, error correction of the user data is 
implemented block by block. An ECC information piece 
in every block is predetermined depending on a user 
data piece in the same block to permit error correction 

45 thereof. 

[0006] In some recording disks, every ECC block of 
recorded data extends over a plurality of sectors. During 
the updating of data on such a recording disk, old data 
is replaced by new data in every ECC block It is 

so assumed that power supply is interrupted during the 
replacement of old data by new data in an ECC block. In 
this case, portions of the new data are recorded on 
former sectors in the ECC block while portions of the old 
data remain on latter sectors therein. As a result, there 

55 is a discrepancy between a user data piece and an ECC 
information piece in that ECC block It is difficult to cor- 
rectly reproduce a user data piece from such a wrong 
ECC block since an ECC information piece therein is 
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inconsistent with the user data piece. Thus, it is also dif- 
ficult to update a portion of the user data piece in a 
specif ied sector among sectors of the wrong ECC block. 

SUMMARY OF THE INVENTION * 

[0007] It is a first object of this invention to provide a 
method of recording and reproducing information on 
and from a disk-shaped recording medium which is less 
adversely affected by interruption of power supply. 10 
[0008] It is a second object of this invention to pro- 
vide an apparatus for recording and reproducing infor- 
mation on and from a disk-shaped recording medium 
which is less adversely affected by interruption of power 
supply. 15 
[0009] A first aspect of this invention provides a 
method of recording and reproducing information on 
and from a disk ECC-block by ECC-block. Every ECC 
block is composed of plural sectors. The method com- 
prises the steps of generating a recording command 20 
containing information of a recording position on the 
disk; storing the information of the recording position 
into a nonvolatile memory; recording data on the disk in 
response to the recording command; in cases where 
power supply is turned on after interruption of power 25 
supply terminates, detecting a specified ECC block from 
the information stored in the nonvolatile memory, the 
specified ECC block being adversely affected by the 
interruption of power supply during the recording of data 
on the disk; generating one of a reproducing command 30 
and a verify command for at least one sector of the 
specified ECC block; reproducing data from the speci- 
fied ECC block on the disk in response to the one of the 
reproducing command and the verify command; decid- 
ing whether or not the reproduction of data from the 35 
specified ECC block succeeds or fails; and in cases 
where it is decided that the reproduction of data from 
the specified ECC block fails, recording data on a whole 
of the specified ECC block to convert the specified ECC 
block into a normal ECC block. 
[001 0] A second aspect of this invention provides a 
method of recording and reproducing information on 
and from a disk ECC-block by ECC-block. Every ECC 
block is composed of plural sectors. The method com- 
prises the steps of generating a recording command for 45 
a specified ECC block on the disk, the recording com- 
mand containing information of a recording position on 
the disk and information of a recording size, the speci- 
fied ECC block having sectors designated by the 
recording command and sectors undesignated by the sc 
recording command; writing the information of the 
recording position and the information of the recording 
size into a first nonvolatile memory; calculating the 
undesignated sectors among sectors in the specified 
ECC block; reproducing existing data from the calcu- 51 
lated undesignated sectors in the specified ECC block 
on the disk; writing the reproduced existing data into a 
second nonvolatile memory; recording record data on 



the designated sectors in the specified ECC block on 
the disk in response to the recording command; writing 
the record data into a third nonvolatile memory; and in 
cases where power supply is turned on after interrup- 
tion of power supply terminates, combining the existing 
data in the second nonvolatile memory and the record 
data in the third nonvolatile memory into restored data 
and recording the restored data on a whole of the spec- 
ified ECC block on the disk in response to the informa- 
tion of the recording position and the information of the 
recording size in the first nonvolatile memory. 
[0011] A third aspect of this invention provides a 
method of recording and reproducing information on 
and from a disk ECC-block by ECC-block. The method 
comprises the steps of recording disk identification 
information on a specified position on a disk; writing the 
disk identification information and information of the 
specified position into a nonvolatile memory; in cases 
where power supply is turned on after interruption of 
power supply terminates, reproducing information from 
a position on a disk which corresponds to the specified 
position represented by the information in the nonvola- 
tile memory; deciding whether or not the reproduced 
information and the disk identification information in the 
nonvolatile memory are equal to each other; and when 
it is decided that the reproduced information and the 
disk identification information in the nonvolatile memory 
are equal to each other, updating a wrong ECC block on 
the disk into a normal ECC block, the wrong ECC block 
being caused by the interruption of power supply during 
data recording on the disk. 

[0012] A fourth aspect of this invention provides a 
method of recording and reproducing information on 
and from a disk ECC-block by ECC-block. The method 
comprises the steps of detecting whether or not power 
supply from a main power source to a disk drive is inter- 
rupted; and when it is detected that the power supply 
from the main power source to the disk drive is inter- 
rupted, using an auxiliary power source instead of the 
main power source and maintaining operation of the 
disk drive until the disk drive completes recording of 
data on a whole of a present ECC block on the disk. 
[0013] A fifth aspect of this invention provides an 
apparatus for recording and reproducing information on 
and from a disk ECC-block by ECC-block. Every ECC 
block is composed of plural sectors. The apparatus 
comprises means for generating a recording command 
containing information of a recording position on the 
disk; a nonvolatile memory; means for storing the infor- 
mation of the recording position into the nonvolatile 
memory; means for recording data on the disk in 
response to the recording command; means for, in 
cases where power supply is turned on after interrup- 
tion of power supply terminates, detecting a specified 
ECC block from the information stored in the nonvolatile 
memory, the specified ECC block being adversely 
affected by the interruption of power supply during the 
recording of data on the disk; means for generating one 
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of a reproducing command and a verify command for at 
least one sector of the specified ECC block; means for 
reproducing data from the specified ECC block on the 
disk in response to the one of the reproducing com- 
mand and the verify command; means for deciding 5 
whether or not the reproduction of data from the speci- 
fied ECC block succeeds or fails; and means for, in 
cases where it is decided that the reproduction of data 
from the specified ECC block fails, recording data on a 
whole of the specified ECC block to convert the speci- 
fied ECC block into a normal ECC block. 
[0014] A sixth aspect of this invention provides an 
apparatus for recording and reproducing information on 
and from a disk ECC-block by ECC-block Every ECC 
block is composed of plural sectors. The apparatus 
comprises means for generating a recording command 
for a specified ECC block on the disk, the recording 
command containing information of a recording position 
on the disk and information of a recording size, the 
specified ECC block having sectors designated by the 
recording command and sectors undesignated by the 
recording command; a first nonvolatile memory; means 
for writing the information of the recording position and 
the information of the recording size into the first nonvol- 
atile memory; means for calculating the undesignated 
sectors among sectors in the specified ECC block; 
means for reproducing existing data from the calculated 
undesignated sectors in the specified ECC block on the 
disk; a second nonvolatile memory; means for writing 
the reproduced existing data into the second nonvolatile 
memory; means for recording record data on the desig- 
nated sectors in the specified ECC block on the disk in 
response to the recording command; a third nonvolatile 
memory; means for writing the record data into the third 
nonvolatile memory; and means for, in cases where 
power supply is turned on after interruption of power 
supply terminates, combining the existing data in the 
second nonvolatile memory and the record data in the 
third nonvolatile memory into restored data and record- 
ing the restored data on a whole of the specified ECC 
block on the disk in response to the information of the 
recording position and the information of the recording 
size in the first nonvolatile memory. 
[0015] A seventh aspect of this invention provides 
an apparatus for recording and reproducing information 
on and from a disk ECC-block by ECC-block. The appa- 
ratus comprises means for recording disk identification 
information on a specified position on a disk; a nonvola- 
tile memory; means for writing the disk identification 
information and information of the specified position into 
the nonvolatile memory; means for, in cases where 
power supply is turned on after interruption of power 
supply terminates, reproducing information from a posi- 
tion on a disk which corresponds to the specified posi- 
tion represented by the information in the nonvolatile 
memory; means for deciding whether or not the repro- 
duced information and the disk identification information 
in the nonvolatile memory are equal to each other; and 



means for, when it is decided that the reproduced infor- 
mation and the disk identification information in the non- 
volatile memory are equal to each other, updating a 
wrong ECC block on the disk into a normal ECC block, 
the wrong ECC block being caused by the interruption 
of power supply during data recording on the disk. 
[0016] An eighth aspect of this invention provides 
an apparatus for recording and reproducing information 
on and from a disk ECC-block by ECC-block. The appa- 
ratus comprises a disk drive; a main power source con- 
nected to the disk drive; an auxiliary power source 
connected to the disk drive; means for detecting 
whether or not power supply from the main power 
source to the disk drive is interrupted; and means for, 
when it is detected that the power supply from the main 
power source to the disk drive is interrupted, using the 
auxiliary power source instead of the main power 
source and maintaining operation of the disk drive until 
the disk drive completes recording of data on a whole of 
a present ECC block on the disk. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

Fig. 1 is a block diagram of an information recording 
and reproducing apparatus according to a first 
embodiment of this invention. 
Fig. 2 is a flowchart of a first segment of a program 
for a microcomputer in Fig. 1 . 
Fig. 3 is a flowchart of a second segment of the pro- 
gram for the microcomputer in Fig. 1 . 
Fig. 4 is a diagram of the contents of information 
stored in a nonvolatile memory in Fig. 1. 
Fig. 5 is a diagram of start addresses of first 
inspected ECC blocks and last inspected ECC 
blocks. 

Fig. 6 is a diagram of accumulated recording sizes. 
Fig. 7 is a diagram of start addresses of first 
inspected ECC blocks and last inspected ECC 
blocks. 

Fig. 8 is a block diagram of an information recording 
and reproducing apparatus according to a second 
embodiment of this invention. 
Fig. 9 is a block diagram of an information recording 
and reproducing apparatus according to a third 
embodiment of this invention. 
Fig. 10 is a block diagram of an information record- 
ing and reproducing apparatus according to a 
fourth embodiment of this invention. 
Fig. 11 is a block diagram of an information record- 
ing and reproducing apparatus according to a fifth 
embodiment of this invention. 
Fig. 12 is a diagram of sectors and ECC blocks on 
a disk. 

Fig. 1 3 is a diagram of the contents of information 

stored in a nonvolatile memory in Fig. 11. 

Fig. 14 is a diagram of recording start positions and 
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recording end positions. 

Fig. 1 5 is a diagram of start positions and end posi- 
tions of existing data ranges. 
Fig. 16 is a block diagram of an information record- 
ing and reproducing apparatus according to a sixth 
embodiment of this invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

First Embodiment 

[0018] Fig. 1 shows an information recording and 
reproducing apparatus according to a first embodiment 
of this invention. The apparatus of Fig. 1 includes a disk 
drive 1 , a host 20, and a power supply 30. The disk drive 
1 is connected to the host 20. The disk drive 1 and the 
host 20 are connected to the power supply 30. The disk 
drive 1 and the host 20 can be activated by electric 
power fed from the power supply 30. 
[0019] The disk drive 1 is designed for a disk 2 
which is a recording medium such as an optical disk, a 
magnetic disk, or a magneto-optical disk. The disk drive 
1 includes a motor 3, a head 4, a recording controller 5, 
an ECC (error correction code) encoder 6, a reproduc- 
ing controller 7, an ECC decoder 8. a cache memory 9, 
a communication unit 10, and a main controller 11. 
[0020] The motor 3 acts to rotate the disk 2. The 
head 4 accesses the disk 2 which is rotated by the 
motor 3. The head 4 is connected to the recording con- 
troller 5 and the reproducing controller 7. The recording 
controller 5 is connected to the ECC encoder 6. The 
ECC encoder 6 is connected to the cache memory 9. 
The cache memory 9 is connected to the communica- 
tion unit 10. The communication unit 10 is connected to 
the host 20. The reproducing controller 7 is connected 
to the ECC decoder 8. The ECC decoder 8 is connected 
to the cache memory 9. The main controller 1 1 is con- 
nected to the recording controller 5, the reproducing 
controller 7, the cache memory 9, and the communica- 
tion unit 10. The main controller 11 includes a micro- 
computer programmed to implement desired processes 
which will be indicated later. 

[0021] During a recording mode of operation of the 
disk drive 1 , the communication unit 1 0 receives data to 
be recorded and commands from the host 20. The com- 
munication unit 10 writes the data into the cache mem- 
ory 9. The data is transferred from the cache memory 9 
to the ECC encoder 6. The ECC encoder 6 handles the 
data as user data. The ECC encoder 6 generates ECC 
(error correction code) information in response to the 
user data. The ECC encoder 6 combines the user data 
and the ECC information into ECC-added data. The 
ECC encoder 6 outputs the ECC-added data to the 
recording controller 5. Specifically, the ECC encoder 6 
divides the user data into pieces which correspond to 
ECC blocks respectively. For every ECC block, the ECC 
encoder 6 generates an ECC information piece in 



response to a user data piece, and combines the user 
data piece and the ECC information piece into a 1- 
block-corresponding segment of ECC-added data. The 
recording controller 5 informs the head 4 of the ECC- 

5 added data. The head 4 records the ECC-added data 
on the disk 2 block by block. The ECC-added data on 
the disk 2 is divided into ECC blocks each having a set 
of a user data piece and an ECC information piece. 
Every ECC block of the recorded ECC-added data 

w extends over a plurality of sectors in the disk 2. The 
recording controller 5, the cache memory 9, and the 
communication unit 10 are controlled by the main con- 
troller 11. 

[0022] During a reproducing mode of operation of 
15 the disk drive 1, the head 4 reproduces ECC-added 
data from the disk 2. The head 4 outputs the reproduced 
data to the reproducing controller 7. The reproducing 
controller 7 transmits the reproduced data to the ECC 
decoder 8, The ECC decoder 8 separates the repro- 
20 duced data into user data and ECC information. The 
ECC decoder 8 corrects the user data in response to 
the ECC information, and thereby generates correction- 
resultant user data or recovers original user data. Spe- 
cifically, the ECC decoder 8 implements the data correc- 
ts tion block by block. The ECC decoder 8 writes the 
correction-resultant user data into the cache memory 9. 
The correction-resultant user data is transferred from 
the cache memory 9 to the communication unit 10. The 
communication unit 10 transmits the correction-result- 
30 ant user data to the host 20. The reproducing controller 
7, the cache memory 9, and the communication unit 10 
are controlled by the main controller 11. 
[0023] The host 20 includes a communication unit 

21, a buffer memory 22, a microcomputer 23, and a 
35 non-volatile memory 24. The microcomputer 23 is con- 
nected to the communication unit 21 , the buffer memory 

22, and the nonvolatile memory 24. The communication 
unit 21 is connected to the communication unit 1 0 within 
the disk drive 1 . 

40 [0024] Data to be recorded can be transferred to 
the buffer memory 22 from an external device (not 
shown). The data to be recorded is also referred to as 
the record data. The microcomputer 23 reads the record 
data from the buffer memory 22. The microcomputer 23 

45 outputs the record data to the communication unit 21 . 
The communication unit 21 transmits the record data to 
the communication unit 10 within the disk drive 1. The 
microcomputer 23 generates a recording command in 
response to, for example, user's request fed via an oper- 

so ation unit (not shown). The recording command con- 
tains information of a designated recording start 
position and information of a designated recording size. 
The microcomputer 23 outputs the recording command 
to the communication unit 21. The communication unit 

55 21 transmits the recording command to the communica- 
tion unit 10 within the disk drive 1. The microcomputer 
23 stores the information of the designated recording 
start position and the information of the designated 
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recording size into the nonvolatile memory 24 in con- 
nection with the recording command. 
[0025] The microcomputer 23 can generate a 
reproducing command or a playback command in 
response to, for example, user's request fed via the 
operation unit (not shown). In addition, the microcom- 
puter 23 can generate a reproducing command or a 
playback command when an inspection of data on the 
disk 2 is required. The microcomputer 23 outputs the 
reproducing command (the playback command) to the 
communication unit 21. The communication unit 21 
transmits the reproducing command to the communica- 
tion unit 10 within the disk drive 1. The communication 
unit 21 can receive reproduced data from the communi- 
cation unit 10 within the disk drive 1. The communica- 
tion unit 21 feeds the reproduced data to the 
microcomputer 23. The microcomputer 23 stores the 
reproduced data into the buffer memory 22. The repro- 
duced data can be transferred from the buffer memory 
22 to an external device (not shown). 
[0026] The microcomputer 23 can generate infor- 
mation of the position of an ECC block being an 
inspected object. The microcomputer 23 manages the 
information of the position of the inspected-object ECC 
block. The microcomputer 23 can generate a cache 
flash command or another command different from the 
recording command and the reproducing command. 
[0027] The microcomputer 23 includes a combina- 
tion of an input/output port, a CPU, a ROM, and a RAM. 
The microcomputer 23 operates in accordance with a 
program stored in the ROM. 

[0028] Fig. 2 is a flowchart of a segment of the pro- 
gram which relates to data recording. As shown in Fig. 
2, a first step S1 of the program segment decides 
whether or not one of a recording command and a 
cache flash command is requested. In the case where 
neither a recording command nor a cache flash com- 
mand is requested, the step S1 is executed again. In the 
case where one of a recording command and a cache 
flash command is requested, the step Si decides 
whether the requested command is a recording com- 
mand or a cache flash command. When the requested 
command is a recording command, the program 
advances from the step S1 to a step S2. When the 
requested command is a cache flash command, the 
program advances from the step S1 to a step S6. 
[0029] The step S2 loads the buffer memory 22 with 
data to be recorded (record data). A step S3 following 
the step S2 designates a recording start position LBA 
on the disk 2 and a recording size in accordance with 
the record data and the requested command. Here, 
LBA is short for a logical block address. The step S3 
generates and issues a recording command which 
relates to the record data, and which includes informa- 
tion of the designated recording start position LBA and 
the designated recording size. The step S3 outputs the 
recording command to the communication unit 21. The 
communication unit 21 transmits the recording com- 



mand to the communication unit 1 0 within the disk drive 
1 . Then, the step S3 transfers the record data from the 
buffer memory 22 to the communication unit 21. The 
communication unit 21 transmits the record data to the 

s communication unit 1 0 within the disk drive 1 . 

[0030] A step S4 subsequent to the step S3 writes 
the information of the designated recording start posi- 
tion LBA and the designated recording size into the non- 
volatile memory 24. A set of information of a designated 

10 recording start position LBA and information of a desig- 
nated recording size can be stored in the nonvolatile 
memory 24 for each of recording commands. After the 
step S4, the program advances to a step S5. 
[0031] The step S6 generates and issues a cache 

is flash command. The step S6 outputs the cache flash 
command to the communication unit 21 . The communi- 
cation unit 21 transmits the cache flash command to the 
communication unit 10 within the disk drive 1. The 
cache flash command requires the disk drive 1 to read 

20 data from the cache memory 9 and to record the data 
on the disk 2. 

[0032] A step S7 following the step S6 decides 
whether or not the process (the data transfer from the 
cache memory 9 onto the disk 2) required by the cache 

25 flash command has been normally completed. The step 
S7 implements this decision by referring to a reply sig- 
nal transmitted from the disk drive 1. When the process 
has been normally completed, the program advances 
from the step S7 to a step S8. Otherwise, the program 

30 advances from the step S7 to a step S9. 

[0033] The step S8 erases the position and size 
information from the nonvolatile memory 24 which 
relates to the data transferred onto the disk 2 from the 
cache memory 9 in response to the cache flash com- 

35 mand issued by the previous step S6. After the step S8, 
the program advances to the step S5. 
[0034] The step S5 decides whether or not the data 
recording which relates to the program segment has 
been completed. When the data recording has been 

40 completed, the program exits from the step S5 and then 
the execution of the program segment ends. When the 
data recording has not yet been completed, the pro- 
gram returns from the step S5 to the step S1 . 
[0035] The step S9 sets an error flag (an abnormal- 

45 ity flag) representing the failure of the data transfer from 
the cache memory 9 onto the disk 2. Another segment 
of the program, for example, a main routine of the pro- 
gram, may control a display (not shown) in response to 
the error flag to indicate a related error message. After 

so the step S9, the execution of the program segment 
ends. 

[0036] Regarding the data recording, the disk drive 
1 operates as follows. The communication unit 10 within 
the disk drive 1 receives the recording command and 
55 the record data from the communication unit 21 of the 
host 20. The communication unit 10 informs the main 
controller 1 1 of the recording command. The communi- 
cation unit 10 and the cache memory 9 are controlled by 
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the main controller 1 1 so that the record data is trans- 
ferred from the communication unit 10 to the cache 
memory 9, and is stored thereinto. When storing the 
record data into the cache memory 9 has been com- 
pleted, the main controller 1 1 outputs a signal to the 
communication unit 10 which represents an end of the 
execution of the recording command. The communica- 
tion unit 10 transmits the command-execution-end sig- 
nal to the communication unit 21 within the host 20 as a 
reply signal. In the host 20, the reply signal is fed to the 
microcomputer 23, and is used as a signal for request- 
ing a next recording command or a cache flash com- 
mand. 

[0037] The communication unit 10 within the disk 
drive 1 receives the cache flash command from the 
communication unit 21 of the host 20. The communica- 
tion unit 10 informs the main controller 1 1 of the cache 
flash command. The cache memory 9 is controlled by 
the main controller 1 1 in response to the cache flash 
command so that the record data is transferred from the 
cache memory 9 to the ECC encoder 6. The ECC 
encoder 6 generates ECC information in response to 
the record data. The ECC encoder 6 combines the 
record data and the ECC information into ECC-added 
data. The ECC encoder 6 outputs the ECC-added data 
to the recording controller 5. The recording controller 5 
subjects the ECC-added data to modulation for record. 
The recording controller 5 informs the head 4 of the 
modulation-resultant ECC-added data. The head 4 
records the modulation-resultant ECC-added data on 
the disk 2 block by block (ECC-block by ECC-block). 
The main controller 1 1 derives the information of the 
designated recording start position LB A and the infor- 
mation of the designated recording size from the record- 
ing command. The main controller 11 feeds the 
information of the designated recording start position 
LBA and the information of the designated recording 
size to the recording controller 5. The recording control- 
ler 5 controls the data recording on the disk 2 in 
response to the information of the designated recording 
start position LBA and the information of the designated 
recording size so that the modulation-resultant ECC- 
added data will be recorded on a region of the disk 2 
which is determined by the designated recording start 
position LBA and the designated recording size. When 
the data transfer from the cache memory 9 onto the disk 
2 has been completed, the main controller 1 1 outputs a 
signal to the communication unit 10 which represents 
an end of the execution of the cache flash command. 
The communication unit 10 transmits the command- 
execution-end signal to the communication unit 21 
within the host 20 as a reply signal. In the host 20, the 
reply signal is fed to the microcomputer 23, and is used, 
for example, at the step S7 in Fig. 2. 
[0038] An explanation will be given of the case 
where the feed of electric power from the power supply 
30 to the disk drive 1 and the host 20 is interrupted dur- 
ing the recording of data on the disk 2. In this case, 



record data in the cache memory 9 disappears. Regard- 
ing an ECC block which is being recorded at the 
moment of the occurrence of the interruption of power 
supply, portions of data assigned to the ECC block have 

5 been recorded on former sectors in the ECC block while 
other portions of the data fail to be recorded on latter 
sectors therein. As a result, the ECC block becomes a 
wrong ECC block in which a user data piece and an 
ECC information piece are inconsistent with each other. 

10 [0039] Fig. 3 is a flowchart of a segment of the pro- 
gram for the microcomputer 23 which relates to the 
removal of a wrong ECC block from the disk 2. The pro- 
gram segment in Fig. 3 is executed when the apparatus 
of Fig. 1 is restarted. 

is [0040] With reference to Fig. 3, a first step S12 of 
the program segment accesses the nonvolatile memory 
24. The step S12 decides whether or not information 
(information of a designated recording start position and 
information of a designated recording size) remains in 

20 the nonvolatile memory 24. When information remains 
in the nonvolatile memory 24, the program advances 
from the step S12 to a step S13. Otherwise, the pro- 
gram exits from the step S12, and then the execution of 
the program segment ends. 

25 [0041] The step S13 sets an inspection range or 
inspection ranges in response to the information 
remaining in the nonvolatile memory 24. Fig. 4 shows 
an example of the contents of the information remaining 
in the nonvolatile memory 24. Serial recording numbers 

30 T, "2", "3", • • • are assigned to recording commands 
respectively. A set of information of a designated 
recording start position LBA and information of a desig- 
nated recording size in each recording command is 
stored and managed in connection with information of a 

35 recording number assigned to the recording command. 
In Fig. 4, regarding the recording command having the 
recording number T\ the designated recording start 
position LBA corresponds to "500" (= TOPLBA), and the 
designated recording size corresponds to "20" in LBA (= 

40 WRSIZE). In the case where one ECC block is com- 
posed of "16" in LBA (16 sectors), 2 ECC blocks corre- 
spond to the recording command having the recording 
number "1 ". The start LBA of the first ECC block is "496" 
while the start LBA of the second ECC block (the last 

45 ECC block) is "51 2". The start LBA of the first ECC block 
is indicated by ECC0, and the start LBA of the second 
ECC block (the last ECC block) is indicated by ECC1. 
The start addresses ECC0 and ECC1 are given as fol- 
lows. 

so 

ECC0 = 16 x irrt{TOPLBA/16} 

ECC1 = 16 x int{(TOPLBA + WRSIZE - 1)/16) 

55 where "x" denotes product, and "int{ • • •}" denotes an 
integer part of a value in braces. The step Si 3 defines 
ECC blocks denoted by the start addresses ECC0 and 
ECC1 as an inspection range corresponding to the 
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recording command having the recording number "1". 
As shown in Fig. 5, the start addresses ECCO and 
ECC1 are "496" and "512" respectively. It should be 
noted that the start address of a first ECC block on the 
disk 2 is "0" in LBA, and the start addresses of second 
and later ECC blocks on the disk 2 are equal to multi- 
ples of "16" in LBA respectively. 
[0042] With reference back to Fig. 3, a step S1 4 fol- 
lowing the step S13 sets a designated reproducing start 
position (a designated inspection start position) LBAC 
equal to the start address ECCO of the first ECC block. 
After the step S1 4, the program advances to a step S 1 5. 
The step S15 generates and issues a reproducing com- 
mand (a playback command) which contains informa- 
tion of the designated reproducing start position LBAC 
and also information of a designated reproducing size 
corresponding to 16 sectors (a 1 -block size). The step 
Si 5 outputs the reproducing command to the communi- 
cation unit 21 . The communication unit 21 transmits the 
reproducing command to the communication unit 10 
within the disk drive 1 . It should be noted that the repro- 
ducing command may be replaced by a reproducing 
command for one LBA in the ECC block denoted by the 
start address ECCO. 

[0043] In the disk drive 1 , the communication unit 
10 informs the main controller 11 of the reproducing 
command. The main controller 1 1 derives the informa- 
tion of the designated reproducing start position (the 
designated inspection start position) LBAC and the 
information of the designated reproducing size from the 
reproducing command. The main controller 11 feeds 
the information of the designated reproducing start 
position LBAC and the information of the designated 
reproducing size to the reproducing controller 7. The 
head 4 reproduces data from the disk 2. The reproduc- 
ing controller 7 controls the data reproduction from the 
disk 2 in response to the information of the designated 
reproducing start position LBAC and the information of 
the designated reproducing size so that data of an ECC 
block will be reproduced from a region of the disk 2 
which is determined by the designated reproducing 
start position LBAC and the designated reproducing 
size. The head 4 outputs the reproduced data to the 
reproducing controller 7. The reproducing controller 7 
subjects the reproduced data to demodulation. The 
reproducing controller 7 feeds the demodulation-result- 
ant reproduced data to the ECC decoder 8. The ECC 
decoder 8 subjects the demodulation-resultant repro- 
duced data to error correction. When the error correc- 
tion is successfully implemented, the ECC decoder 8 
generates correction -resultant user data from the 
demodulation-resultant reproduced data. The ECC 
decoder 8 stores the correction-resultant user data into 
the cache memory 9. In addition, the ECC decoder 8 
informs the main controller 1 1 of a normal end status 
which represents that the present ECC block is normal. 
On the other hand, when the error correction fails to be 
implemented, the ECC decoder 8 informs the main con- 



troller 11 of an abnormal end status which represents 
that the present ECC block is wrong. The main control- 
ler 1 1 feeds the normal end status or the abnormal end 
status to the communication unit 10. The communica- 

5 tion unit 1 0 is controlled by the main controller 1 1 so that 
the normal end status or the abnormal end status will be 
transmitted to the communication unit 21 within the host 
20 as a reply signal. In the host 23, the reply signal is 
fed to the microcomputer 23 from the communication 

ro unit 21. The cache memory 9 and the communication 
unit 10 are controlled by the main controller 11 in 
response to the normal end status so that the communi- 
cation unit 10 reads the correction-resultant user data 
from the cache memory 9, and transmits the correction- 

15 resultant user data to the communication unit 21 within 
the host 20. 

[0044] In Fig. 3, a step S16 subsequent to the step 
S1 5 decides whether the reply signal agrees with a nor- 
mal end status or an abnormal end status. When the 

20 reply signal agrees with a normal end status, the pro- 
gram advances from the step S16 to a step S17. When 
the reply signal agrees with an abnormal end status, the 
program advances from the step S16 to a step S18. 
[0045] The step S18 generates and issues a 

25 recording command for the wrong ECC block. Specifi- 
cally, the step S18 designates a recording start position 
LBA on the disk 2 and a recording size. The designated 
recording start position LBA is equal to the start position 
LBAC. The designed recording size corresponding to 16 

30 sectors (a 1 -block size). The step S1 8 outputs Jhe— 
recording command to the communication unit 21 . The 
communication unit 21 transmits the recording com- 
mand to the communication unit 10 within the disk drive 
1. Then, the step S18 generates predetermined record 

35 data (fixed record data). For example, all the bits of the 
predetermined record data are "0" in logic state. The 
step S18 outputs the predetermined record data to the 
communication unit 21. The communication unit 21 
transmits the predetermined record data to the commu- 

40 nication unit 1 0 within the disk drive 1 . 

[0046] In the disk drive 1 , the communication unit 
10 informs the main controller 1 1 of the recording com- 
mand. The communication unit 10 and the cache mem- 
ory 9 are controlled by the main controller 1 1 so that the 

45 predetermined record data is transferred from the com- 
munication unit 10 to the cache memory 9, and is stored 
thereinto. The cache memory 9 is controlled by the main 
controller 1 1 in response to the recording command so 
that the predetermined record data is transferred from 

so the cache memory 9 to the ECC encoder 6. The ECC 
encoder 6 generates ECC information in response to 
the predetermined record data. The ECC encoder 6 
combines the predetermined record data and the ECC 
information into predetermined ECC-added data. The 

55 ECC encoder 6 outputs the predetermined ECC-added 
data to the recording controller 5. The recording control- 
ler 5 subjects the predetermined ECC-added data to 
modulation for record. The recording controller 5 
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informs the head 4 of the predetermined modulation- 
resultant ECC-added data. The head 4 records the pre- 
determined modulation-resultant ECC-added data on 
the disk 2. The main controller 1 1 derives the informa- 
tion of the designated recording start position LBAC and 
the information of the designated recording size from 
the recording command. The main controller 1 1 feeds 
the information of the designated recording start posi- 
tion LBAC and the information of the designated record- 
ing size to the recording controller 5. The recording 
controller 5 controls the data recording on the disk 2 in 
response to the information of the designated recording 
start position LBAC and the information of the desig- 
nated recording size so that the predetermined modula- 
tion-resultant ECC-added data will be recorded on a 
region of the disk 2 which is determined by the desig- 
nated recording start position LBAC and the designated 
recording size. In this way, the wrong ECC block on the 
disk 2 is replaced by or updated into a normal ECC 
block mainly filled with the predetermined record data. 
[0047] The recording command generated and 
issued by the step S18 is preferably a "write & verify" 
command. The recording command generated and 
issued by the step S18 may be a "write" command. The 
"write & verify" command is effective to the case where 
the wrong ECC block is caused by a defective sector. 
This is because the "write & verify" command enables 
another sector being a normal one to be substituted for 
the defective sector. 

[0048] In Fig. 3, after the step S18, the program 
advances to the step S17. The step S17 updates the 
inspection start position LBAC into correspondence with 
a next ECC block by referring to a program statement as 
"LBAC <- LBAC + 16". A step S19 following the step 
S1 7 decides whether or not the inspection start position 
LBAC exceeds the start address ECC1 of the last ECC 
block. When the the inspection start position LBAC 
does not exceed the start address ECC1 of the last 
ECC block, the program returns from the step Si 9 to 
the step SI 5. In this case, the previously-indicated 
inspection process is implemented on the next ECC 
block On the other hand, when the the inspection start 
position LBAC exceeds the start address ECC1 of the 
last ECC block, the program advances from the step 
S1 9 to a step S20. 

[0049] The step S20 updates or increments the 
inspection-related recording number by "1". A step S21 
following the step S20 decides whether or not the 
inspection processes related to all the recording num- 
bers represented by the information in the nonvolatile 
memory 24 have been completed. When the inspection 
processes related to all the recording numbers have 
been completed, the program exits from the step S21 
and then the execution of the program segment ends. 
Otherwise, the program returns from the step S21 to the 
step SI 3. In this case, the inspection process related to 
the next recording number is implemented. 
[0050] As previously mentioned, a wrong ECC 



block tends to occur on the disk 2 in the case where 
power supply is interrupted during the recording of data 
on the disk 2. When the interruption of power supply ter- 
minates and then the apparatus of Fig. 1 is restarted, 

5 such a wrong ECC block on the disk 2 is replaced by a 
normal ECC block mainly filled with the predetermined 
record data. Accordingly, it is possible to prevent 
unwanted stop of the reproduction of data from the disk 
2 which might be caused by a wrong ECC block ther- 

w eon. 

[0051 ] It should be noted that two or more recording 
commands may be managed in the nonvolatile memory 
24 as one recording command. An example thereof is 
as follows. In Fig. 4, regarding the recording command 

is having the recording number "4", the designated 
recording start position LBA corresponds to "600", and 
the designated recording size corresponds to "10" in 
LBA. Regarding the recording command having the 
recording number "5", the designated recording start 

20 position LBA corresponds to "610", and the designated 
recording size corresponds to "20" in LBA. The record- 
ing command having the recording number "4" and the 
recording command having the recording number "5" 
may be managed as one recording command about 

25 which the designated recording start position LBA cor- 
responds to "600" and the designated recording size 
corresponds to "30" in LBA. 

Second Embodiment 

30 

[0052] Fig. 8 shows an information recording and 
reproducing apparatus according to a second embodi- 
ment of this invention. The apparatus of Fig. 8 is similar 
to the apparatus of Fig. 1 except that a host 20A and a 
35 microcomputer 23A replace the host 20 and the micro- 
computer 23 respectively. 

[0053] In a disk drive 1 , when a cache memory 9 
becomes fully occupied, old data is transferred from the 
cache memory 9 onto a disk 2 to provide an unoccupied 

40 region in the cache memory 9. New data is written into 
the unoccupied region in the cache memory 9. 
[0054] The microcomputer 23A in the host 20A is 
programmed to implement the following processes. The 
microcomputer 23A calculates the sum of recording 

45 sizes represented by information stored in a nonvolatile 
memory 24. In the case where the calculated sum of the 
recording sizes exceeds the capacity of the cache mem- 
ory 9, old data corresponding to an excess over the 
capacity of the cache memory 9 is deleted from an 

so inspected object. 

[0055] Fig. 4 shows an example of sets of desig- 
nated recording start positions LBA and designated 
recording sizes which correspond to the recording num- 
bers "1", "2", "3", "4", "5", and "6", respectively. Fig. 6 

55 shows accumulated recording sizes as viewed in the 
direction toward the past from the latest recording com- 
mand which has the recording number "6". It is 
assumed that the capacity of the cache memory 9 cor- 
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responds to 256 sectors. In this case, as understood 
from Fig. 6, the amount of record data corresponding to 
the recording numbers "1" and "2" exceeds the capacity 
of the cache memory 9. Thus, at the present time 
related to the latest recording command which has the 
recording number "6", ail the record data corresponding 
to the recording numbers "1" and "2" has already been 
recorded on the disk 2. In view of this fact, the micro- 
computer 23A deletes the record data corresponding to 
the recording numbers "1" and "2" from an inspected 
object. On the other hand, only a former portion of 
record data corresponding to the recording number "3" 
has already been recorded on the disk 2 while the latter 
portion thereof remains in the cache memory 9. A start 
address ECG0 of a first inspected ECC block is moved 
back by a value corresponding to the capacity of the 
cache memory 9. As shown in Fig. 7, regarding the 
recording command having the recording number "3", 
the start address ECC0 of the first inspected ECC block 
is set to "160" while the start address ECC1 of the last 
inspected ECC block remains equal to "192". All record 
data corresponding to the recording numbers "4". "5 M , 
and "6" is an inspected object. 

Third Embodiment 

[0056] Fig. 9 shows an information recording and 
reproducing apparatus according to a third embodiment 
of this invention. The apparatus of Fig. 9 is similar to the 
apparatus of Fig. 1 except that a host 20B and a micro- 
computer 23B replace the host 20 and the microcom- 
puter 23 respectively. The microcomputer 23 B is 
programmed to issue a "verify" command instead of a 
reproducing command. 

[0057] An explanation will be given of operation of 
the apparatus in Fig. 9 which is restarted after interrup- 
tion of power supply terminates. The microcomputer 
23B decides whether or not information (information of 
a designated recording start position and information of 
a designated recording size) remains in a nonvolatile 
memory 24. When Information remains in the nonvola- 
tile memory 24, the microcomputer 23B sets an inspec- 
tion range or inspection ranges in response to the 
information remaining in the nonvolatile memory 24. 
Then, the microcomputer 23B sets a designated repro- 
ducing start position (a designated inspection start posi- 
tion) LBAC equal to a start address ECC0 of a first 
inspected ECC block. Subsequently, the microcomputer 
23 B generates and issues a "verify" command which 
contains information of the designated reproducing start 
position LBAC and also information of a designated 
reproducing size corresponding to 16 sectors (a 1 -block 
size). The host 20B transmits the "verify" command to a 
disk drive 1 . 

[0058] In the disk drive 1 , a communication unit 10 
receives the "verify" command, and informs a main con- 
troller 1 1 of the "verify" command. The main controller 
1 1 derives the information of the designated reproduc- 



ing start position (the designated inspection start posi- 
tion) LBAC and the information of the designated 
reproducing size from the "verify" command. The main 
controller 11 feeds the information of the designated 
5 reproducing start position LBAC and the information of 
the designated reproducing size to a reproducing con- 
troller 7. A head 4 reproduces data from a disk 2. The 
reproducing controller 7 controls the data reproduction 
from the disk 2 in response to the information of the des- 

10 ignated reproducing start position LBAC and the infor- 
mation of the designated reproducing size so that data 
of an ECC block will be reproduced from a region of the 
disk 2 which is determined by the designated reproduc- 
ing start position LBAC and the designated reproducing 

75 size. The head 4 outputs the reproduced data to the 
reproducing controller 7. The reproducing controller 7 
subjects the reproduced data to demodulation. The 
reproducing controller 7 feeds the demodulation-result- 
ant reproduced data to an ECC decoder 8. The ECC 

20 decoder 8 subjects the demodulation-resultant repro- 
duced data to error correction. When the error correc- 
tion is successfully implemented, the ECC decoder 8 
informs the main controller 1 1 of a normal end status 
which represents that the present ECC block is normal. 

25 On the other hand, when the error correction fails to be 
implemented, the ECC decoder 8 informs the main con- 
troller 11 of an abnormal end status which represents 
that the present ECC block is wrong. The main control- 
ler 1 1 feeds the normal end status or the abnormal end 

30 status to the communication unit 10. The communica- 
tion unit 1 0 is controlled by the main controller 1 1 so that- 
the normal end status or the abnormal end status will be 
transmitted to the host 20B as a reply signal. 
[0059] When the error correction is successfully 

35 implemented, the ECC decoder 8 generates correction- 
resultant user data from the demodulation-resultant 
reproduced data. The "verify" command causes the disk 
drive 1 not to transmit the correction-resultant user data 
to the host 23B. Accordingly, it is unnecessary to pro- 

40 vide the host 23B with a memory area for storing the 
correction-resultant user data. 

Fourth Embodiment 

45 [0060] Fig. 10 shows an information recording and 
reproducing apparatus according to a fourth embodi- 
ment of this invention. The apparatus of Fig. 10 is simi- 
lar to the apparatus of Fig. 1 except for design changes 
mentioned later. The apparatus of Fig. 10 includes a 

so host 20C and a microcomputer 23C which replace the 
host 20 and the microcomputer 23 respectively. The 
host 20C includes a nonvolatile memory 40 connected 
to the microcomputer 23C. The nonvolatile memory 40 
is used in managing disk ID (identification) information. 

55 [0061] When the apparatus of Fig. 10 is turned on 
and a disk drive 1 is activated, the microcomputer 23C 
generates disk ID information and a recording com- 
mand. The disk ID information represents a disk ID 
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number, a disk name, or a time. The recording com- 
mand requires the disk ID information to be recorded on 
a specified position of a disk 2. The recording command 
contains information of a specified LBA (a specified log* 
ical block address) on the disk 2 which denotes the 
specified position of the disk 2, that is. the disk-ID-infor- 
mation record position on the disk 2. The microcom- 
puter 23C issues the disk ID information and the 
recording command to a communication unit 21. The 
communication unit 21 transmits the disk ID information 
and the recording command to the disk drive 1 . The disk 
drive 1 records the disk ID information on the specified 
position of the disk 2 in response to the recording com- 
mand. The microcomputer 23C writes the disk ID infor- 
mation and also the information of the specified LBA 
(the disk-ID-information record position on the disk 2) 
into the nonvolatile memory 40. 
[0062] The disk ID information may be recorded in a 
specified file in the disk 2 and which can be handled by 
an OS (operating system) such as DOS. Windows, or 
UNIX. The file to be loaded with the disk ID information 
is made in the disk 2 while being named, for example, 
"DISKINFO". The disk ID information is recorded into 
the "DISKINFO" file. When the "DISKINFO" file is 
moved by a file copying process or another process, the 
actual position of the disk 2 at which the disk ID informa- 
tion is recorded changes. In this case, the specified LBA 
represented by the disk ID information is changed 
accordingly, and confirmation is made as to whether the 
"DISKINFO" file is present in the new position, and 
whether the contents of the "DISKINFO" file agree with 
the disk ID information. 

[0063] In the case where the apparatus in Fig. 10 is 
restarted after interruption of power supply terminates, 
the microcomputer 23C reads the disk ID information 
and the information of the specified LBA (the disk-ID- 
information record position on the disk 2) from the non- 
volatile memory 40. Then, the microcomputer 23C gen- 
erates a reproducing command which contains the 
information of the specified LBA. The microcomputer 
23C issues the reproducing command to a communica- 
tion unit 21. The communication unit 21 transmits the 
reproducing command to the disk drive 1 . The disk drive 
1 reproduces information from a position of a disk 2 
which corresponds to the specified LBA represented by 
the reproducing command. The disk drive 1 returns the 
reproduced information to the communication unit 21 
within the host 20C. The communication unit 21 feeds 
the reproduced information to the microcomputer 23C. 
The microcomputer 23C decides whether or not the 
reproduced information is equal to the disk ID informa- 
tion read from the nonvolatile memory 40. In the case 
where the reproduced information is equal to the disk ID 
information, the microcomputer 23C decides that the 
present disk 2 is the same as the disk 2 which was in the 
disk drive 1 when the interruption of power supply 
occurred. In the case where the reproduced information 
is not equal to the disk ID information, the microcom- 



puter 23C decides that the present disk 2 differs from 
the disk 2 which was in the disk drive 1 when the inter- 
ruption of power supply occurred. Provided that the 
present disk 2 is the same as the disk 2 which was in the 

s disk drive 1 when the interruption of power supply 
occurred, the microcomputer 23C implements a proc- 
ess of removing a wrong ECC block from the present 
disk 2. Accordingly, in the case where the present disk 2 
differs from the disk 2 which was in the disk drive 1 

w when the interruption of power supply occurred, it is 
possible to prevent the present disk 2 from being erro- 
neously subjected to the wrong- ECC-block removing 
process. 

15 Fifth Embodiment 

[0064] Fig. 11 shows an information recording and 
reproducing apparatus according to a fifth embodiment 
of this invention. The apparatus of Fig. 11 is similar to 

20 the apparatus of Fig. 1 except for design changes men- 
tioned later. The apparatus of Fig. 11 includes a host 
20D and a microcomputer 23D which replace the host 
20 and the microcomputer 23 respectively. The host 
20D includes nonvolatile memories 50 and 51 con- 

25 nected to the microcomputer 23D. The nonvolatile 
memory 50 is used in storing data equal to existing data 
recorded on undesignated sectors in a first inspected 
ECC block and a last inspected ECC block. The undes- 
ignated sectors are unrelated to recording positions for 

30 the present record data. The nonvolatile memory 51 is 
used in storing data to be recorded in response to a 
recording command. 

[0065] Fig. 12 shows an example of conditions of 
the recording of data on disk sectors. In Fig. 1 2, there is 

35 a sequence of ECC blocks. A first ECC block 60 in the 
ECC block sequence extends from an LBA of "0" to an 
LBA of "15", while a last ECC block 61 therein extends 
from an LBA of "64" to an LBA of "79". The first ECC 
block 60 is divided into a former half 62 occupied by 

40 undesignated sectors and a latter half 63 occupied by 
sectors designated as recording sectors. The recording 
sectors In the first ECC block 60 extends from an LBA of 
"8" to an LBA of "15". The last ECC block 61 is divided 
into a former half 64 occupied by sectors designated as 

45 recording sectors and a latter half 65 occupied by 
undesignated sectors. The recording sectors in the last 
ECC block 61 extend from an LBA of "64" to an LBA of 
"72". Record data is recorded on successive recording 
sectors which extend from an LBA of "8" to an LBA of 

so "72". 

[0066] During a recording mode of operation of the 
apparatus in Fig. 1 1, the microcomputer 23D calculates 
a start address ECC0 of the first ECC block 60 from a 
designated recording start position which is equal to an 
55 LBA of "8". The calculated start address ECC0 of the 
first ECC block 60 is equal to an LBA of "0". The micro- 
computer 23D generates a reproducing command in 
response to the calculated start address ECCO of the 
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first ECC block 60 and the designated recording start 
position. The reproducing command is designed to 
require the reproduction of existing data from undesig- 
nated sectors of a disk 2 which extend between an LBA 
of "0" and an LBA of "7" immediately preceding the des- 5 
ignated recording start position (an LBA of "8"). The 
microcomputer 23D issues the reproducing command 
to a communication unit 21. The communication unit 21 
transmits the reproducing command to a disk drive 1 . In 
response to the reproducing command, the disk drive 1 10 
reproduces existing data from the undesignated sectors 
of the disk 2 which extend between an LBA of "0" and an 
LBA of "7". The disk drive 1 returns the reproduced 
existing data to the communication unit 21 within the 
host 20D. The communication unit 21 feeds the repro- 75 
duced existing data to the microcomputer 23D. The 
microcomputer 23D writes the reproduced existing data 
into the nonvolatile memory 50. 
[0067] Subsequently, the microcomputer 23D cal- 
culates an end address of the last ECC block 61 which 20 
contains a recording end position equal to an LBA of 
"72". The calculated end address of the last ECC block 
61 is equal to an LBA of "79". The microcomputer 23D 
generates a reproducing command in response to the 
calculated end address of the last ECC block 61 and the 25 
recording end position. The reproducing command is 
designed to require the reproduction of existing data 
from undesignated sectors of the disk 2 which extend 
between an LBA of "73" and an LBA of "79". It should be 
noted that an LBA of "73" immediately follows the 30 
recording end position (an LBA of "72"). The microcom- 
puter 23D issues the reproducing command to the com- 
munication unit 21. The communication unit 21 
transmits the reproducing command to the disk drive 1 . 
In response to the reproducing command, the disk drive 35 
1 reproduces existing data from the undesignated sec- 
tors of the disk 2 which extend between an LBA of "73" 
and an LBA of "79". The disk drive 1 returns the repro- 
duced existing data to the communication unit 21 within 
the host 20D. The communication unit 21 feeds the 40 
reproduced existing data to the microcomputer 23D. 
The microcomputer 23D writes the reproduced existing 
data into the nonvolatile memory 50. 
[0068] Then, the microcomputer 23D issues a 
recording command to the communication unit 21 . The 45 
recording command is designed to record data on a 
region of the disk 2 which extends from an LBA of "8" to 
an LBA of "72". The recording command contains infor- 
mation of a designated recording start position and 
information of a designated recording size. The micro- sc 
computer 23D transfers record data from a buffer mem- 
ory 22 to the communication unit 21. The 
communication unit 21 transmits the recording com- 
mand and the record data to the disk drive 1. In 
response to the recording command, the disk drive 1 st 
records the record data on the region of the disk 2 which 
extends from an LBA of B 8" to an LBA of "72". In the host 
20D, the microcomputer 23D stores the information of 



the designated recording start position and the informa- 
tion of the designated recording size into a nonvolatile 
memory 24. The microcomputer 23D copies the record 
data from the buffer memory 22, and writes the copied 
record data into the nonvolatile memory 51. Thus, as 
denoted by a recording number of "1" in Fig. 13, a set of 
information of a designated recording start position LBA 
and information of a designated recording size is stored 
in the nonvolatile memory 51 . A sequence of the above- 
mentioned steps is implemented for each of recording 
commands. The host 20 D transmits a cache flash com- 
mand to the disc drive 1. The microcomputer 23D 
decides whether or not the process (the data transfer 
from a cache memory 9 onto the disk 2) required by the 
cache flash command has been normally completed. 
When the process has been normally completed, the 
microcomputer 23D erases the position and size infor- 
mation from the nonvolatile memory 24. In addition, the 
microcomputer 23D erases the reproduced existing 
data from the nonvolatile memory 50. Furthermore, the 
microcomputer 23D erases the record data from the 
nonvolatile memory 51 . 

[0069] When the apparatus in Fig. 1 1 is turned on, 
the microcomputer 23D decides whether or not informa- 
tion (information of a designated recording start position 
and information of a designated recording size) remains 
in the nonvolatile memory 24. In the case where infor- 
mation remains in the nonvolatile memory 24, the 
microcomputer 23D implements a process of removing 
a wrong ECC block from the disk 2 as follows. 
[0070] During a first stage of the wrong-ECC-block 
removing process, the microcomputer 23D derives the 
start address ECC0 of the first ECC block 60 from the 
information in the nonvolatile memory 24. The first ECC 
block 60 relates to the recording number "1", and con- 
tains the recording start position LB AO. As shown in Fig. 
14, the recording start position LBA0 is equal to an LBA 
of "8". As shown in Fig. 15, the start address ECC0 of 
the first ECC block 60 is equal to an LBA of "0". The 
microcomputer 23D decides whether or not the start 
address ECC0 of the first ECC block 60 and the record- 
ing start position LBA0 are different from each other. 
When the start address ECC0 of the first ECC block 60 
and the recording start position LBA0 are different from 
each other, it is decided that first undesignated data 
equal to existing data on disk sectors extending from the 
position ECC0 to the position LBA0 is stored in the non- 
volatile memory 50. In this case, the microcomputer 
23D copies the first undesignated data (the first existing 
data) in the nonvolatile memory 50, and writes the first 
copied undesignated data into the buffer memory 22. 
Then, the microcomputer 23D copies record data in the 
nonvolatile memory 51, and writes the copied record 
data into the buffer memory 22 in a manner such that 
the copied record data follows the first copied undesig- 
nated data in the buffer memory 22. 
[0071] During a second stage of the wrong-ECC- 
block removing process, the microcomputer 23D 



12 



EP0 997 900 A2 



24 



derives the recording end position LBA1 from the 
recording start position LBA and the recording size 
related to the recording number "1". As shown in Fig. 
14, the recording end position LBA1 is equal to an LBA 
of "72". The microcomputer 23D calculates the end 5 
address ECC2 of the last ECC block 61 which contains 
the recording end position LBA1. As shown in Fig. 15, 
the end address ECC2 of the last ECC block 61 is equal 
to an LBA of "79". The microcomputer 23 D decides 
whether or not the end address ECC2 of the last ECC w 
block 61 and the recording end position LBA1 are differ- 
ent from each other. When the end address ECC2 of the 
last ECC block 61 and the recording end position LBA1 
are different from each other, it is decided that second 
undesignated data equal to existing data on disk sec- 15 
tors extending from the position LBA1 to the position 
ECC2 is stored in the nonvolatile memory 50. In this 
case, the microcomputer 23D copies the second undes- 
ignated data (the second existing data) in the nonvola- 
tile memory 50. and writes the second copied 20 
undesignated data into the buffer memory 22 in a man- 
ner such that the second copied undesignated data fol- 
lows the copied record data in the buffer memory 22. 
Thus, restored data composed of the first copied undes- 
ignated data (the first copied existing data), the copied 25 
record data, and the second copied undesignated data 
(the second copied existing data) is prepared in the 
buffer memory 22. When the end address ECC2 of a 
last ECC block and a recording end position LBA1 are 
equal to each other as the case of the recording number 30 
"2" in Figs. 13-15, copying undesignated data (existing 
data) is not executed. 

[0072] During a third stage of the wrong- ECC-block 
removing process, the microcomputer 23D issues a 
recording command to the communication unit 21 . The 35 
recording command requires the restored data to be 
recorded on a region of the disk 2 which extends from 
the position ECCO to the position ECC2. The recording 
command contains information of a designated record- 
ing start position LBA equal to the position ECCO, and 40 
information of a designated recording size equal to 
"ECC2 - (ECCO +1)". The communication unit 21 trans- 
mits the recording command to the disk drive 1 . Also, 
the microcomputer 23D transfers the restored data from 
the buffer memory 22 to the communication unit 2 1 . The 45 
communication unit 21 transmits the restored data to 
the disk drive 1 . In response to the recording command, 
the disk drive 1 records the restored data on the region 
of the disk 2 which extends from the position ECCO to 
the position ECC2. so 
[0073] A sequence of the above-mentioned steps in 
the wrong-ECC-block removing process is implemented 
for each of all the recording numbers, the information of 
which is stored in the nonvolatile memory 24. 
[0074] As understood from the previous expiana- ss 
tion, a wrong ECC block on the disk 2 which was caused 
by interruption of power supply can be replaced by a 
desired normal ECC block in the case where the appa- 



ratus in Fig. 11 is restarted after the interruption of 
power supply terminates. In addition, undesignated 
data (existing data) in the wrong ECC block can be fully 
restored. 

[0075] The nonvolatile memory 51 may be omitted 
from the apparatus in Fig. 1 1 . In this case, the micro- 
computer 23D uses predetermined data instead of the 
record data. For example, all the bits of the predeter- 
mined data are "0" in logic state. 
[0076] The host 20D may issue a reproducing com- 
mand to the disk drive 1 for each ECC block. In this 
case, it is preferable that an ECC block is restored only 
when the reproduction of data from sectors therein is 
wrong. In the case where an ECC block to be restored 
contains a recording start position LBA0 or a recording 
end position LBA1 , data stored in the nonvolatile mem- 
ory 50 may be used as restored data. 

Sixth Embodiment 

[0077] Fig. 16 shows an information recording and 
reproducing apparatus according to a sixth embodiment 
of this invention. The apparatus of Fig. 16 is similar to 
the apparatus of Fig. 1 except for design changes men- 
tioned later. The apparatus of Fig 16 includes a disk 
drive 1 A, a host 20E, and a microcomputer 23E which 
replace the disk drive 1 , the host 20, and the microcom- 
puter 23 respectively. 

[0078] The disk drive 1 A includes a power interrup- 
tion detector 12 and an auxiliary power supply (a 
backup power supply) 1 3. The power interruption detec- 
tor 12 is connected to a main controller 1 1 and also the 
auxiliary power supply 13. The power interruption 
detector 12 and the auxiliary power supply 13 are con- 
nected to a power supply 30. 

[0079] The power interruption detector 12 senses 
interruption of the feed of electric energy from the power 
supply 30. Specifically, the power interruption detector 

12 compares the voltage across the power supply 30 
with a predetermined reference voltage. When the volt- 
age across the power supply 30 drops below the prede- 
termined reference voltage, the power interruption 
detector 12 decides that interruption of power supply 
occurs. The power interruption detector 12 outputs a 
signal to the main controller 1 1 and the auxiliary power 
supply 13 which represents whether or not interruption 
of power supply occurs. 

[0080] The auxiliary power supply 13 receives elec- 
tric energy from the power supply 30. The auxiliary 
power supply 13 includes a rechargeable battery or a 
capacitor. Alternatively, the auxiliary power supply 13 
may include a dry battery. When the output signal of the 
power interruption detector 12 represents that interrup- 
tion of power supply occurs, the auxiliary power supply 

13 feeds electric power to the disk drive 1 A to maintain 
operation thereof. 

[0081] During a recording mode of operation of the 
apparatus in Fig. 16, the host 20E transmits a recording 



13 



ISDOCID: <EP 0997900A2_I_> 



25 



EP 0 997 900 A2 



26 



command and also record data to the disk drive 1 A. In 
the disk drive 1 A, the record data is stored into a cache 
memory 9. A recording controller 5 and the cache mem- 
ory 9 are controlled by the main controller 1 1 so that the 
record data is transferred from the cache memory 9 
onto a position of a disk 2 which is designated by the 
recording command. 

[0082] It is assumed that power supply is inter- 
rupted during the recording mode of operation of the 
apparatus in Fig. 16. In this case, the signal outputted 
from the power interruption detector 12 to the main con- 
troller 1 1 and the auxiliary power supply 13 represents 
that interruption of power supply occurs. The auxiliary 
power supply 13 feeds electric power to the disk drive 
1 A in response to the output signal of the power inter- 
ruption detector 12. As a result, the disk drive 1 A main- 
tains its operation. Thus, the disk drive 1 A continues the 
recording of data into the present ECC block on the disk 
2. In the case where the recording of data into the 
present ECC block on the disk 2 has been completed 
after the main controller 11 is informed by the power 
interruption detector 12 that the interruption of power 
supply occurs, the main controller 1 1 forces the record- 
ing controller 5 to suspend the data recording process 
and hence to prevent the recording of data into a new 
ECC block on the disk 2. Thus, it is possible to prevent 
a wrong ECC block from occurring on the disk 2 even 
when power supply is interrupted. 
[0083] The main controller 11 and the auxiliary 
power supply 13 may be designed to maintain operation 
of the disk drive 1 until all data will be transferred from 
the cache memory 9 onto the disk 2. 

Claims 

1 . A method of recording and reproducing information 
on and from a disk ECC-block by ECC-block, every 
ECC block being composed of plural sectors, the 
method comprising the steps of: 

generating a recording command containing 
information of a recording position on the disk; 
storing the information of the recording position 
into a nonvolatile memory; 
recording data on the disk in response to the 
recording command; 

in cases where power supply is turned on after 
interruption of power supply terminates, detect- 
ing a specified ECC block from the information 
stored in the nonvolatile memory, the specified 
ECC block being adversely affected by the 
interruption of power supply during the record- 
ing of data on the disk; 

generating one of a reproducing command and 
a verify command for at least one sector of the 
specified ECC block; 

reproducing data from the specified ECC block 
on the disk in response to the one of the repro- 



ducing command and the verify command; 
deciding whether or not the reproduction of 
data from the specified ECC block succeeds or 
fails; and 

in cases where it is decided that the reproduc- 
tion of data from the specified ECC block fails, 
recording data on a whole of the specified ECC 
block to convert the specified ECC block into a 
normal ECC block. 

2. A method of recording and reproducing information 
on and from a disk ECC-block by ECC-block, every 
ECC block being composed of plural sectors, the 
method comprising the steps of: 

generating a recording command for a speci- 
fied ECC block on the disk, the recording com- 
mand containing information of a recording 
position on the disk and information of a 
recording size, the specified ECC block having 
sectors designated by the recording command 
and sectors undesignated by the recording 
command; 

writing the information of the recording position 
and the information of the recording size into a 
first nonvolatile memory; 
calculating the undesignated sectors among 
sectors in the specified ECC block; 
reproducing existing data from the calculated 
undesignated sectors in the specified ECC 
block on the disk; 

writing the reproduced existing data into a sec- 
ond nonvolatile memory; 
recording record data on the designated sec- 
tors in the specified ECC block on the disk in 
response to the recording command; 
writing the record data into a third nonvolatile 
memory; and 

in cases where power supply is turned on after 
interruption of power supply terminates, com- 
bining the existing data in the second nonvola- 
tile memory and the record data in the third 
nonvolatile memory into restored data and 
recording the restored data on a whole of the 
45 specified ECC block on the disk in response to 

the information of the recording position and 
the information of the recording size in the first 
nonvolatile memory. 

so 3. A method of recording and reproducing information 
on and from a disk ECC-block by ECC-block, com- 
prising the steps of: 

recording disk identification information on a 
55 specified position on a disk; 

writing the disk identification information and 
information of the specified position into a non- 
volatile memory; 
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in cases where power supply is turned on after 
interruption of power supply terminates, repro- 
ducing information from a position on a disk 
which corresponds to the specified position 
represented by the information in the nonvola- 5 
tile memory; 

deciding whether or not the reproduced infor- 
mation and the disk identification information in 
the nonvolatile memory are equal to each 
other; and 10 
when it is decided that the reproduced informa- 
tion and the disk identification information in 
the nonvolatile memory are equal to each 
other, updating a wrong ECC block on the disk 
into a normal ECC block, the wrong ECC block 75 
being caused by the interruption of power sup- 
ply during data recording on the disk. 

4. A method of recording and reproducing information 

on and from a disk ECC-block by ECC-block, com- 20 
prising the steps of: 

detecting whether or not power supply from a 
main power source to a disk drive is inter- 
rupted; and 25 
when it is detected that the power supply from 
the main power source to the disk drive is inter- 
rupted, using an auxiliary power source instead 
of the main power source and maintaining 
operation of the disk drive until the disk drive 30 
completes recording of data on a whole of a 
present ECC block on the disk. 

5. An apparatus for recording and reproducing infor- 
mation on and from a disk ECC-block by ECC- 35 
block, every ECC block being composed of plural 
sectors, the apparatus comprising: 

means for generating a recording command 
containing information of a recording position 40 
on the disk; 
a nonvolatile memory; 

means for storing the information of the record- 
ing position into the nonvolatile memory; 
means for recording data on the disk in 45 
response to the recording command; 
means for, in cases where power supply is 
turned on after interruption of power supply ter- 
minates, detecting a specified ECC block from 
the information stored in the nonvolatile mem- so 
ory, the specified ECC block being adversely 
affected by the interruption of power supply 
during the recording of data on the disk; 
means for generating one of a reproducing 
command and a verify command for at least 55 
one sector of the specified ECC block; 
means for reproducing data from the specified 
ECC block on the disk in response to the one of 



the reproducing command and the verify com- 
mand; 

means for deciding whether or not the repro- 
duction of data from the specified ECC block 
succeeds or fails; and 

means for, in cases where it is decided that the 
reproduction of data from the specified ECC 
block fails, recording data on a whole of the 
specified ECC block to convert the specified 
ECC block into a normal ECC block 

6. An apparatus for recording and reproducing infor- 
mation on and from a disk ECC-block by ECC- 
block, every ECC block being composed of plural 
sectors, the apparatus comprising: 

means for generating a recording command for 
a specified ECC block on the disk, the record- 
ing command containing information of a 
recording position on the disk and information 
of a recording size, the specified ECC block 
having sectors designated by the recording 
command and sectors undesignated by the 
recording command; 
a first nonvolatile memory; 
means for writing the information of the record- 
ing position and the information of the record- 
ing size into the first nonvolatile memory; 
means for calculating the undesignated sectors 
among sectors in the specified ECC block; 
means for reproducing existing data from, the 
calculated undesignated sectors in the speci- 
fied ECC block on the disk; 
a second nonvolatile memory; 
means for writing the reproduced existing data 
into the second nonvolatile memory; 
means for recording record data on the desig- 
nated sectors in the specified ECC block on the 
disk in response to the recording command; 
a third nonvolatile memory; 
means tor writing the record data into the third 
nonvolatile memory; and 
means for, in cases where power supply is 
turned on after interruption of power supply ter- 
minates, combining the existing data in the 
second nonvolatile memory and the record 
data in the third nonvolatile memory into 
restored data and recording the restored data 
on a whole of the specified ECC block on the 
disk in response to the information of the 
recording position and the information of the 
recording size in the first nonvolatile memory 

7. An apparatus for recording and reproducing infor- 
mation on and from a disk ECC-block by ECC- 
block, comprising: 

means for recording disk Identification informa- 
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tion on a specified position on a disk; 
a nonvolatile memory; 

means for writing the disk identification infor- 
mation and information of the specified position 
into the nonvolatile memory; s 
means for, in cases where power supply is 
turned on after interruption of power supply ter- 
minates, reproducing information from a posi- 
tion on a disk which corresponds to the 
specified position represented by the informa- 10 
tion in the nonvolatile memory; 
means for deciding whether or not the repro- 
duced information and the disk identification 
information in the nonvolatile memory are 
equal to each other; and 
means for, when it is decided that the repro- 
duced information and the disk identification 
information in the nonvolatile memory are 
equal to each other, updating a wrong ECC 
block on the disk into a normal ECC block, the 20 
wrong ECC block being caused by the interrup- 
tion of power supply during data recording on 
the disk. 

8. An apparatus for recording and reproducing infor- 25 
mation on and from a disk ECC-block by ECC- 
block, comprising: 

a disk drive; 

a main power source connected to the disk 30 
drive; 

an auxiliary power source connected to the 
disk drive; 

means for detecting whether or not power sup- 
ply from the main power source to the disk 35 
drive is interrupted; and 
means for, when it is detected that the power 
supply from the main power source to the disk 
drive is interrupted, using the auxiliary power 
source instead of the main power source and 40 
maintaining operation of the disk drive until the 
disk drive completes recording of data on a 
whole of a present ECC block on the disk. 
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(54) Method and apparatus for recording and reproducing information on and from disk 



(57) Information is recorded on and reproduced 
from a disk ECC-block by ECC-block. Every ECC block 
is composed of plural sectors. A recording command is 
generated which contains information of a recording po- 
sition on the disk. The information of the recording po- 
sition is stored into a nonvolatile memory. Data is re- 
corded on the disk in response to the recording com- 
mand. In cases where power supply is turned on after 
interruption of power supply terminates, a specified 
ECC block is detected from the information stored in the 
nonvolatile memory. The specified ECC block is ad- 
versely affected by the interruption of power supply dur- 



ing the recording of data on the disk. One of a reproduc- 
ing command and a verify command is generated for at 
least one sector of the specified ECC block. Data is re- 
produced from the specified ECC block on the disk in 
response to the one of the reproducing command and 
the verify command. A decision is made as to whether 
or not the reproduction of data from the specified ECC 
block succeeds or fails. In cases where it is decided that 
the reproduction of data from the specified ECC block 
fails, data is recorded on a whole of the specified ECC 
block to convert the specified ECC block into a normal 
ECC block. 
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1. Claim : 1 5 

PROBLEM 1: power supply is interrupted during replacement of 
old data by new data in an ECC block. Portions of new data 
are recorded on former sectors in ECC blocks while portions 
of old data remain on latter sectors therein. As result, 
there is a discrepancy between user data piece and ECC info 
piece in that ECC block. It stores info on recording 
position into a nonvolatile memory. SOLUTION 1-1: Special 
Technical Feature 1-1, ie STF1-1. In case of interruption of 
power supply* detecting a ECC block from info stored in 
nonvolatile msraory (specified ECC block having adversely be 
affected by interruption of power supply). Generates one of 
reproduce/verify CMD. When reprod. fails, recording data on 
whole ECC block. 



2. Claim : 2 6 

PROBLEM 1: power supply is interrupted during replacement of 
old data by new data in an ECC block. Portions of new data 
are recorded on former sectors in ECC blocks while portions 
of old data remain on latter sectors therein. As result, 
there is a discrepancy between user data piece and ECC info 
piece in that ECC block. It stores info on recording 
position into a nonvolatile memory. SOLUTION 1-2: Special 
Technical Feature 1-2, ie. STF1-2. Specified ECC block have 
sectors designated by recording command and sectors 
undesignated by recording command. It writes info recording 
position and info on recording size into first volatile 
memory. It calculates undesignated sectors among sectors in 
specified ECC block, reproduces existing data from 
undesignated sectors and writes this data into second non 
volatile memory. It writes record data into third non 
volatile msmory and after interruption, it combines record 
data from third non volatile memory with record data from 
second non volatile memory into restored data on a whole ECC 
block 



3. Claim : 3 7 

PROBLEM 2: Power supply is interrupted during replacement of 
old data by new data in an ECC block. But restoration is 
needed only if disc before power supply interruption is same 
as disc after power supply interruption. SOLUTION 2-1: 
Special Technical Feature 2-1, ie. STF2-1. It records disc 
identification info on a specified position on disc. It 
writes disc identification info and info of specified 
position into non volatile memory. After power supply 
interruption, it reproduces info from position which 
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corresponds to specified position represented by info in non 
volatile memory* It decides whether reproduced info on disc 
identifier and disk identifier info in non volatile memory 
are equal and if YES» it updates wrong ECC block into normal 
ECC block. 



PROBLEM 1: power supply is interrupted during replacement of 
old data by new data in an ECC block. Portions of new data 
are recorded on former sectors in ECC blocks while portions 
of old data remain on latter sectors therein. As result , 
there is a discrepancy between user data piece and ECC info 
piece in that ECC block. It stores info on recording 
position into a nonvolatile memory. SOLUTION 1-3: Special 
Technical Feature 1-3, ie. STFl-3.When power supply from 
main power source is interrupted, it is replaced by power 
supply from auxiliary power source until disc completes 
recording of data on a whole of present ECC block. 



4. Claim : 4 8 
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